ABSTRACT Crops that are resistant to pests and pathogens are cost-effective for the management of pests and diseases. A corn (Zea mays L.) breeding program conducted in Hawaii has identiÞed a source of heritable resistance to maize mosaic virus (MMV) (Rhabdoviridae: Nucleorhabdovirus). This resistance is controlled by the gene Mv, which has been shown to have a codominant action. To date, no studies have examined whether the resistance associated with this gene affects only MMV or whether it also affects the insect vector, the corn planthopper Peregrinus maidis (Ashmead) (Hemiptera: Delphacidae). Here, we examined the life history of the corn planthopper and its ability to transmit MMV on near isogenic lines that were homozygous dominant (Mv/Mv), homozygous recessive (mv/mv), or heterozygous (Mv/mv) for the gene. A Þeld trial was also conducted to study the colonization of the corn plants with different genotypes by the planthopper. Although Þeld observations revealed slightly lower densities of planthoppers on corn with the genotype Mv/Mv than on the inbreds with the genotype mv/mv and their hybrids with the genotype Mv/mv, laboratory assays showed no effects of the gene on planthopper development, longevity, or fecundity. In the Þeld, the corn lines Mv/Mv had a lower incidence of MMV-infected plants. However, in the greenhouse, the transmission of MMV to corn seedlings did not differ across the near isogenic lines, although the corn lines Mv/Mv showed a delayed onset of symptoms compared with the corn lines mv/mv and Mv/mv. The acquisition of MMV by corn planthoppers on the corn genotypes Mv/Mv and Mv/mv averaged 0.2, whereas the acquisition on the corn genotypes mv/mv averaged Ͼ0.3. Our results show that the Mv gene does not inßuence the Þtness of the planthopper vector, suggesting that it may confer resistance by other means, possibly by limiting virus replication or movement within the host plant.
The corn planthopper, Peregrinus maidis (Ashmead) (Hemiptera: Delphacidae), is considered to be a pest of corn (Zea mays L.) in many tropical and subtropical corn-growing regions throughout the world, including Hawaii (Metcalf 1943 , Namba and Higa 1971 , Singh and Rana 1992 , Tsai 1996 , Singh and Seetharama 2008 . Extended feeding activity by planthoppers on corn plants can cause "hopperburn" (Takara and Nishida 1983, Brewbaker 2003) . Symptoms of hopperburn are leaf chlorosis, followed by necrosis, reduced plant vigor, and stunting (Backus et al. 2005 ). In addition, P. maidis transmits two corn viruses, maize mosaic virus (MMV, Rhabdoviridae) and maize stripe virus (MStV, Tenuivirus) (Ammar et al. 1987) . Both MMV and MStV are transmitted in a persistent and propagative manner (Ammar and Hogenhout 2008) . In Hawaii, continuous corn plantings can promote large populations of P. maidis and consequently, high incidences of MMV, leading to signiÞcant yield losses (Brewbaker 1981, Singh and Seetharama 2008) .
Chemical control is extensively used to manage P. maidis populations and reduce the spread of MMV in sweet corn and seed nursery Þelds, and several insecticide applications may be implemented to reduce pest pressure. This practice can be expensive and can lead to an increased risk of insecticide-resistant pests. The use of parasitoids as biological control agents against P. maidis is an attractive management option; however, parasitism rates are low in Hawaiian cornÞelds (Napompeth 1973) . The identiÞcation and use of virus-or insect-resistant lines is considered to be an additional sustainable, cost-effective, and environmentally friendly practice for the control of pests and diseases (Brewbaker 1981 , Dintinger et al. 2005 , Redinbaugh et al. 2005 .
Extensive research has been conducted to identify genetic sources of corn virus resistance and to incorporate them into commercial corn inbred lines through conventional plant-breeding programs (Brewbaker et al. 1991 , Redinbaugh et al. 2005 , BalintÐKurti and Johal 2008 . In fact, many breeding programs have focused on improving resistance toward economically important corn viruses, such as maize dwarf mosaic virus (MDMV, Potyviridae), sugarcane mosaic virus (SCMV, Potyviridae), MMV, maize streak virus (MSV, Geminiviridae), maize chlorotic dwarf virus (MCDV, Waikavirus), MStV, maize rayadoÞno virus (MRFV, Tymoviridae), maize rough dwarf virus (MRDV, Reoviridae), maize chlorotic mottle virus (MCMV, Tombusviridae), and maize Rio Cuarto virus (MRCV, Fijivirus), as well as important emerging corn viruses such as high plains virus (HPV) and maize Þne streak virus (MFSV, Rhabdoviridae) (Redinbaugh et al. 2005) .
In Hawaii, Dr. James L. Brewbaker and colleagues implemented an intensive breeding program to identify heritable resistance against MMV (Brewbaker 1979 (Brewbaker , 1981 Brewbaker et al. 1991; Ming et al. 1997; Brewbaker and Josue 2007) . A source of resistance was identiÞed in the germplasm originating from Caribbean and Cuban ßint material (Brewbaker 1981 , Vega et al. 1995 , Ming et al. 1997 ). This resistance has been characterized as monogenic under the control of the gene Mv (Ming et al. 1997) . Using molecular mapping techniques, Ming et al. (1997) have localized the Mv gene on chromosome 3 of corn. The Mv gene has a codominant action; thus, alleles from each parent that are recessive (mv/mv) and dominant (Mv/Mv) are expressed equally in the hybrid genotype (Mv/mv). Hence, under Þeld conditions, heterozygous (Mv/ mv) corn lines have shown varying levels of phenotypic resistance under the severe pressure of an MMV infection (Brewbaker 1979 (Brewbaker , 1981 Brewbaker et al. 1991; Ming et al. 1997; Brewbaker and Josue 2007) . In cornÞelds with a high pressure of virus infection, homozygous dominant corn lines (Mv/Mv) show 5Ð15% infection, but symptoms are not as severe as those observed in the susceptible lines. To date, many important inbred parent stocks have been converted to incorporate the Mv gene. Conversions were achieved through Þve or more backcrosses followed by several generations of sib and self-pollinations to achieve near isogenic lines, with the screening conducted in the Þeld under high pressure of MMV infection (Brewbaker 1981) . Many of the Hawaiian sweet corn cultivars are currently integrated with this resistance (Brewbaker 1981) .
Although the resistance to MMV has been conÞrmed through Þeld studies and genetic mapping, there is no information on the mechanisms of action of the Mv gene. Increasing our understanding of the phenotypic effect of this gene may be particularly important to improve the management of MMV and P. maidis. Because Þeld screening for MMV resistance has been conducted under variable populations of planthoppers and virus pressure, it is unclear whether the action of the Mv gene is directed toward MMV or toward the planthopper. A reduction in vector-feeding activity that leads to low acquisition or inoculation rates may, in turn, reduce the spread of plant viruses (Power 1991 , Spence 2001 . Here, we used both Þeld and laboratory assays to study the inßuence of the Mv gene on the life history of the corn planthopper and on the transmission of MMV.
Materials and Methods
Corn Genotypes. Six inbred corn lines and one variety of sweet corn were used in our experiments (Table 1 ). The inbred corn lines consisted of two series of near isogenic corn lines that were recessive (mv/mv) (Mo17 and B73) or dominant (Mv/Mv) (Hi60 and Hi47) for the Mv gene, and their corresponding hybrid crosses (Hi60 ϫ Mo17 and Hi47 ϫ B73) that were heterozygous for the gene (Mv/mv) ( Table 1 ). The hybrid sweet corn was the Golden Cross Bantam (GCB), which is recessive for the Mv gene (mv/mv) ( Table 1 ). The inbred lines Hi60 and Hi47 (Table 1) are conversions of their parent inbreds, Mo17 and B73, respectively, meaning that the Mv gene was incorporated into these inbreds by multiple back crossing events to create near isogenic lines (Brewbaker 1981) . Both B73 and Mo17 are temperate inbreds that are known to be susceptible to MMV infection.
These six corn lines along with the GCB were grown and maintained in a greenhouse as potted corn seedlings. In general, three seeds were sown in plastic pots containing Sunshine Soil Mix no. 4 (Sun Grow Horticulture Canada Ltd., Elma, MB, Canada). The plants were watered daily and fertilized once a month with Miracle-Gro (The Scotts Company, Marysville, OH) (N:P:K, 24:8:8). Four-week-old plants at a growth stage of V 4 -V 5 were used for the laboratory experiments. The same selection of genetic material was used for the Þeld assay.
Laboratory Assays. Insect Rearing. A colony of P. maidis was established from adults collected from a cornÞeld located at the Waimanalo Research Station (CTAHR, University of Hawaii at Manoa, Oahu, HI). The planthoppers were maintained on potted GCB corn seedlings within mesh-ventilated insect-rearing cages (35.6 by 35.6 by 61 cm) (BioQuip Products, Rancho Dominguez, CA) in a greenhouse with an average temperature of 26 Ϯ 3ЊC and natural light conditions. The colony was maintained by replacing new potted GCB seedlings inside the rearing cages every 3Ð 4 wk.
First Instar Nymph Production. The female planthoppers were transferred from the rearing colony to 14-d-old GCB corn seedlings enclosed within a cylindrical PVC cage (13 by 13 by 30 cm). Females were allowed to oviposit for a period of 24 h and were then removed. Six to seven days after oviposition, the leaves bearing the eggs were detached from the seedlings, sectioned into small pieces Ϸ8 cm in length, and placed into petri dishes (15 by 1.5 cm) containing moist Þlter paper. The nymphs that hatched within 24 h from the onset of hatching were used in the experiments. Development, Longevity, and Fecundity. The Þrst instar nymphs were individually placed into small glass tubes (1.2 by 1.2 by 7.5 cm) (Fisher, Pittsburgh, PA) containing leaf cuttings from one of the seven corn lines previously described (Table 1) . To avoid rapid dehydration, each leaf cutting was embedded in the bottom of each tube with 1 ml of 1.2% agar (Fisher). A dental cotton swab was used to close the top of each tube. Tubes were maintained in a growth chamber (model 2015, VWR International, Randor, PA) at a temperature of 26ЊC with a photoperiod of 12:12 (L:D) h. The nymphs were transferred to new tubes containing fresh healthy leaf cuttings every 3Ð5 d. The tubes were inspected daily and examined for the presence of exuviae, and planthopper mortality was also recorded. To examine the effect of the corn genotypes on longevity and fecundity, adult planthoppers were transferred as male and female pairs into new glass tubes (1.3 by 1.3 by 10 cm) (Fisher). Every 2 d, the planthopper pairs were transferred to new tubes containing fresh leaves. The number of eggs laid on the leaves was counted using a dissecting microscope. The mean developmental time, duration of each stadia, number of eggs laid per female per day, the total number of eggs laid per female, and adult longevity were determined.
MMV Acquisition and Inoculation Assays. To study MMV acquisition, we Þrst produced MMV-infected seedlings from each of the seven corn lines (Table 1) using viruliferous planthoppers. To maximize the transmission of MMV, we used adult male planthoppers injected as fourth instar nymphs with a clariÞed extract prepared from MMV-infected leaves (Ammar et al. 2005) . The injected planthoppers were transferred in groups of 51-wk-old seedlings contained within cylindrical PVC cages (13 by 13 by 30 cm) for at least 10 d to allow the virus to disseminate into the salivary glands. Thereafter, planthoppers fed on the seedlings for an inoculation access period (IAP) of 7 d. Three weeks postinoculation, seedlings that showed symptoms of MMV were used for the acquisition assays. Thirty Þrst instar nymphs were transferred to the infected plants and were allowed to feed throughout their entire development, which took Ϸ18 d. Approximately 20 adult planthoppers were collected from each of the seven infected corn genotypes and stored at Ϫ80ЊC until further processing for MMV detection by ELISA. Double Antibody Sandwich (DAS) ELISA test was conducted on individual insects following the manufacturerÕs protocol (AGDIA, Elkhart, IN). The absorbance was measured with a microplate reader (Bio-Rad, Hercules, CA) at a wavelength of 405 nm. The samples were considered positive for MMV if the absorbance values were 2.5 times the mean negative control readings. The negative control samples were prepared from the planthoppers collected from the rearing colony. MMV-injected planthoppers served as a positive control.
For the inoculation assay, we examined only the inbreds Hi47 and B73, and hybrid Hi47 ϫ B73. Groups of three MMV-injected adult male planthoppers, produced as previously mentioned, were conÞned to 1-wk-old corn seedlings within cylindrical PVC cages (13 by 13 by 30 cm) for an IAP of 7 d. Inoculated plants were then treated with Acephate (Ortho, The Scotts Company LLC) and maintained in a greenhouse to study symptom development. In total, 10 plants were used from each corn line. The plants expressing symptoms of an MMV infection were recorded weekly.
Data Analysis. To study planthopper development, longevity, and fecundity, corn inbreds were split into two groups and tested separately. The Þrst group consisted of the near isogenic lines Hi47, B73, their hybrid Hi47 ϫ B73, and GCB. The second group consisted of the near isogenic lines Hi60, Mo17, their hybrid Hi60 ϫ Mo17, and GCB. Mean developmental time, mean longevity, and mean fecundity (average number of eggs laid per day) were compared using mixed model analysis of variance (ANOVA) with the PROC MIXED in SAS (SAS Institute, Cary, NC). The model was constructed to examine corn genotype as the main effect. The group was designated as a random factor. TukeyÕs test was used to compare the mean values among corn inbreds when the signiÞcance level was P Ͻ 0.05. The predevelopmental mortality, expressed as the proportion of dead nymphs, were arcsine square root transformed. The reported means are from the nontransformed data.
The proportions of MMV-infected by P. maidis that fed on the different corn lines were compared using ANOVA with the PROC MIXED in SAS. Inbred was selected as the main effect, and replicates were selected as the random factor. Preplanned contrasts were performed to compare the effects of corn genotypes. The data on the proportion of infected planthoppers were arcsine transformed before the analysis. The reported means are from the nontransformed data.
Field Assay. Experimental Design. A Þeld trial was conducted at the Waimanalo Research Station in March, 2010. Seven inbred corn lines (Table 1) were planted in a randomized complete block design with four replications for each inbred. Twenty seeds from each inbred were sown using a manual hand planter in 4.57-m-long rows. The seeds were spaced Ϸ0.02 m apart along the rows, and the inter-row spacing was 0.46 m. The entire experimental plot measured Ϸ21.2 by 2.7 m. The Þeld was fertilized with 560 kg/ha of 16:16:16 (N:P:K) fertilizer before planting, and with urea at 336 kg/ha Ϸ5 wk after planting. The plants were watered by drip irrigation. One week after emergence, 15 plants in each row were tagged at their bases using colored ribbon and were randomly numbered from 1 to 15.
Sampling. The number of adult planthoppers colonizing each tagged corn plant was counted once a week for 10 wk (March 2010 to June 2010 . Because the architecture of corn plants changes depending on the growth stage, planthoppers were sampled from four plant locations: 1) the lower leaf sheath at the base of the plant, 2) the whorl, 3) the base of the tassel, and 4) the ear sheaths. Planthopper counts within and around the ear sheaths and the tassel were conducted at the later stage of corn plant growth, after those reproductive organs appeared. Planthopper counts in the whorls were conducted for 56 d after planting (DAP), and, after that time, the tassel had emerged. Counts on the lower leaf sheath were conducted throughout the sampling period.
In addition, tagged corn plants were visually inspected for MMV symptoms at weekly intervals starting from the Þrst week after plant emergence. Plant infection status was determined on the basis of MMV symptoms (Herold 1972) .
Data Analysis. The number of P. maidis adults per plant was analyzed over time with repeated-measures ANOVA using the PROC MIXED in SAS. A repeated measures design was used because the same plants were sampled throughout the planting season. The model was constructed to examine the effect of the inbreds sampled over time. The block was designated as a random factor, and the plant was designated as the repeated subject. When signiÞcance was detected at the P Ͻ 0.05 level, TukeyÕs test was used to compare the mean values among the corn inbreds. Preplanned contrasts were performed to compare the effects of the corn genotypes. The proportions of plants showing virus symptoms were arcsine transformed and analyzed using mixed model ANOVA (PROC MIXED). The reported means are from the nontransformed data.
Results
Laboratory Assays. Development, Longevity, and Fecundity. SigniÞcant differences were detected in the mean developmental time of planthoppers feeding on the leaves of the corn plants with different genotypes (F 3,503 ϭ 14.8; P Ͻ 0.001). Planthopper development on Mv dominant, recessive, and heterozygous corn was signiÞcantly shorter than on the GCB corn plants (Table 2) . However, there was no signiÞcant difference in the mean developmental time of planthoppers feeding on Mv dominant, heterozygous, and recessive corn genotypes (Table 2) .
Nymphal mortality was not signiÞcantly different across the plants with different genotypes (Table 2) , and the survivorship of planthoppers exposed to Mv dominant, heterozygous, and recessive corn and GCB corn were comparable (Table 2) . However, the mean fecundity (eggs laid per female per day) signiÞcantly differed across the corn lineages (F 3, 200 ϭ 5.5; P ϭ 0.001) ( Table 2 ). Planthopper fecundity on the GCB corn was similar to that on corn with dominant, heterozygous, and recessive genotypes; however, planthopper fecundity on corn with heterozygous genotypes was signiÞcantly lower than on corn with either dominant or recessive genotypes (Table 2) .
MMV Transmission. Acquisition of MMV by the corn planthopper differed across the inbred lines (F 6,20 ϭ 14.66; P Ͻ 0.001). The highest proportions of MMV-infected planthoppers were observed on the seedlings of GCB, and the lowest proportions were found on the seedlings of the isogenic line Hi47 (Fig.  1) . MMV acquisition was not signiÞcantly different between the corn genotypes Mv dominant (Hi47 vs. Hi60), Mv heterozygous (Hi47 ϫ B73 vs. Hi60 ϫ Mo17), and Mv recessive (B73 vs. Mo17) (Fig. 1) . The effect of genotype on the acquisition of MMV by P. maidis was further analyzed by planned contrasts. Planthoppers that fed on the GCB plants showed signiÞcantly higher proportions of MMV infection than planthoppers that fed on Mv dominant and Mv heterozygous corn genotypes (Fig. 2) . In addition, MMV acquisition was signiÞcantly lower for planthoppers that fed on the Mv dominant and the heterozygous genotypes compared with planthoppers that fed on the Mv recessive genotypes (Fig. 2) .
In the inoculation assays, planthoppers artiÞcially infected by MMV through abdominal injection transmitted the virus with similarly high efÞciency of 90 Ð 100% across all of the different corn genotypes tested (Table 3) . However, we observed a delay in the appearance of MMV symptoms for the heterozygous and dominant corn lines (Table 3) . At 2 wk postinoculation, all of the GCB and the B73 seedlings, both re- (Table 3) . Field Assay. Planthopper Sampling. The average number of adult planthoppers in the cornÞeld increased over time, peaking between 42 and 56 DAP, with averages of Ͻ3 planthoppers per plant, and steadily declined thereafter (Table 4 ). The number of adult planthoppers per plant signiÞcantly differed between the inbred lines (F 3, 373 ϭ 9.39; P Ͻ 0.001). The hybrid Hi47 ϫ B73, heterozygous for the Mv gene, consistently harbored more planthoppers (Table 4 ). The effect of the different corn genotypes on the abundance of planthoppers was further analyzed using planned contrasts (Table 5 ). The corn plants that are heterozygous for Mv had a signiÞcantly larger number of planthoppers than both of the corn plants with dominant genotypes for the Mv gene and the GCB corn, but it was not different from the corn plants with recessive genotypes for the Mv gene. The planthopper density on the GCB plants also differed signiÞcantly between the dominant and recessive corn genotypes for the Mv gene (Table 5) .
Planthopper density was signiÞcantly greater on plants that are heterozygous versus those that are dominant for the Mv gene on several sampling dates (Table 4 ). There were signiÞcantly fewer planthoppers on the GCB plants than on Mv recessive plants at 49 DAP and 56 DAP, and on Mv dominant plants at 56 DAP, 63 DAP, and 70 DAP. At 49 DAP, Mv recessive plants harbored signiÞcantly more planthoppers than those that are Mv dominant, but harbored signiÞcantly less planthoppers per plant at 63 DAP and 10 DAP (Table 4) .
MMV Incidence. In the Þeld, 53% of the corn plants (212 out of 400) expressed the symptoms of an MMV infection. At 70 DAP, near the end of the corn growth cycle, the proportion of plants showing symptoms of MMV infection was signiÞcantly different among the plants with different genotypes (F 3,24 ϭ 3.6; P ϭ 0.03). Corn lines that are homozygous dominant for Mv had 40% MMV-symptomatic plants, Ϸ11, 17, and 34% less than the inbred lines that are homozygous recessive, heterozygous, and GCB, respectively (Fig. 3) . The proportion of corn plants showing MMV symptoms also differed signiÞcantly between corn inbreds (F 6,21 ϭ 7.0; P Ͻ 0.001) (Fig. 4) . The inbred Hi47 and the hybrid Hi47 ϫ B73 corn lines had signiÞcantly lower numbers of diseased plants than the GCB corn. Although sharing the same dominant genotype (Mv/ Mv), corn lines of the inbred Hi47 had signiÞcantly lower numbers of infected plants compared with the inbred Hi60 corn lines (F 1,21 ϭ 8.3; P ϭ 0.01). Similarly, the hybrid corn line Hi47 ϫ B73 had signiÞ-cantly lower MMV infection compared with the hybrid corn line Hi60 ϫ Mo17, both heterozygous for Mv (F 1,21 ϭ 14.1; P ϭ 0.001). Conversely, both Mv recessive inbreds, B73 and Mo17, had similar infection rates. Fig. 1 . Proportions (ϮSE) of the MMV-infected corn planthoppers, P. maidis, that fed on MMV diseased corn seedlings with genotypes that were homozygous dominant (Hi47 and Hi60), homozygous recessive (B73 and Mo17), and heterozygous (Hi47 ϫ B73 and Hi60 ϫ Mo17) for the Mv gene, and on the susceptible sweet corn, GCB. Infection status of the planthoppers was examined by ELISA assay. "N.S." located above and between the columns indicates that there was no signiÞcant difference between the means with a signiÞcance level of P Ͻ 0.05.
Fig. 2. Proportions (ϮSE) of MMV-infected P. maidis
that fed on MMV diseased corn seedlings that were homozygous dominant (Hi47 and Hi60), homozygous recessive (B73 and Mo17), and heterozygous (Hi47 ϫ B73 and Hi60 ϫ Mo17) for the Mv gene, and on the susceptible sweet corn, GCB. Infection status of the planthoppers was examined by ELISA assay. The different letters above the bars indicate signiÞcant differences with a signiÞcance level of P Ͻ 0.05. GCB mv/mv 9/10 10/10 10/10 10/10 B73 mv/mv 2/10 10/10 10/10 10/10 Hi47
Mv/Mv 0/10 0/10 4/10 9/10 Hi47 ϫ B73 Mv/mv 2/10 4/10 9/10 9/10
The GCB corn plants had a signiÞcantly higher incidence of MMV compared with corn plants dominant for the Mv gene from 42 to 70 DAP (Fig. 3) . Similarly, the GCB corn also had a signiÞcantly higher proportion of MMV-infected plants compared with the Mv recessive plants from 49 to 70 DAP (Fig. 3) .
Discussion
Resistant varieties of plants can be used as a costeffective approach to pest management. The economic beneÞts are associated with the reduced application of insecticide, and in turn, help increase the population of beneÞcial species, promoting more sustainable agroecosystems. In Hawaii, MMV has been considered a very serious problem since the 1940s (Brewbaker 2003) . The introduction of the Mv gene into sweet corn varieties has drastically helped reduce the spread of MMV (Brewbaker et al. 1991 , Ming et al. 1997 , Jin et al. 1998 , Martin et al. 1999 , Ndjiondjop et al. 1999 , Sharp et al. 2002 , Dintinger et al. 2005 . In this study, we performed both greenhouse and Þeld assays to examine the inßuence of the Mv gene on the Þtness of the corn planthopper and on the transmission of MMV. Near isogenic corn lines from two series of corn inbreds were used together with GCB, a sweet corn hybrid that is recessive for the Mv gene.
Crop resistance may alter the relationship of pests with their plant hosts, thus leading to changes in the abundance of insects in the Þeld. Different types of resistance to arthropods have been described, including antibiosis and antixenosis. These affect the relationship between the insect and the plant differently (Kennedy 1976 ), but both have the potential to reduce the spread of vectored plant pathogens. Several studies have documented negative effects on the insect pests feeding on insect-resistant plant varieties. For instance, a noticeable reduction in survival rate, adult longevity, fecundity, and a longer developmental time of the brown planthopper, Nilaparvata lugens, was observed when the insect was reared on the resistant wild rice species, Oryza officinalis (Hu et al. 2010 ). Kennedy and Schaefers (1974) observed that the resistance of red raspberry to the raspberry aphid, Amphorophora agathonica, had a negative impact on aphid preference, survival, development time, and reproductive rates. Maris et al. (2003) found that the western ßower thrips, Frankliniella occidentalis, had reduced fecundity when feeding on resistant pepper plants (hybrids of Capsicum). Parejarearn et al. (1984) also observed reduced longevity and fecundity on resistant varieties and suggested that resistance was affecting virus transmission but not virus multiplication.
Reports of plant resistance against P. maidis are scarce (Singh and Seetharama 2008) , but resistance to P. maidis has been observed in sorghum (Sorghum (Chandra Shekar et al. 1993a,b) . Chandra Shekar et al. (1991 Shekar et al. ( , 1993a ) have reported differences in settling preferences, increased mortality, longer nymphal development, and up to a Þvefold reduction in the fecundity of P. maidis on resistant genotypes of sorghum compared with a susceptible hybrid variety. In this study, we observed a very similar performance of corn planthoppers across the various corn genotypes. Although a few signiÞcant differences between some parameters were detected, the magnitude of observed differences was very small. Therefore, our results show that the Mv gene does not inßuence the Þtness of P. maidis. In transmission assays, P. maidis was able to inoculate plants with MMV with similar efÞciency across the different corn genotypes. However, planthoppers that developed on Mv dominant and heterozygous corn genotypes acquired MMV at lower rates than on Mv recessive corn plants. These results suggest that, in the Þeld, the Mv gene may affect the rate of virus acquisition. In this regard, our results are similar to those of Dhileepan et al. (2006) and Ridley et al. (2008) . These authors showed that Fiji disease virus (FDV, Fijivirus) was acquired from infected sugarcane plants by Perkinsiella saccharicida at lower rates on a resistant cultivar (WD1 or WD2) than on a susceptible (NCo310) or mixed (susceptible and resistant) cultivar source.
A reduction of virus acquisition observed in Mv homozygous dominant inbreds may be owing to either an altered feeding behavior of the vector or to a reduction of virus concentration in the plants (Dintinger et al. 2005) . Because little inßuence of the Mv gene is exerted on planthopper Þtness, the evidence presented here supports the hypothesis that the Mv gene is acting at the level of the virus, possibly reducing virus replication and/or movement within the plant host, thus limiting virus acquisition (Lapidot et al. 2001) . However, additional experiments are needed to address this hypothesis. The use of the electrical penetration graph (EPG) technique may prove useful in further understanding the possible effect of the Mv gene on planthopper feeding behavior. The EPG technique has helped with investigating the impact of resistance on disease transmission. For instance, Chang and Ota (1978) showed that the feeding patterns of the planthopper P. saccharicida were more active in phloem ingestion on FDV-susceptible sugarcane cultivars versus those that were on resistant cultivars. Dintinger et al. (2005) reported that the feeding behavior of P. maidis on MMV-resistant corn lines was signiÞcantly disturbed compared with inbreds with little or no resistance. A study on the feeding behavior of P. maidis conducted by Fisk et al. (1980) showed that settling behavior and feeding were negatively affected when the planthoppers were exposed to mixtures of phenolic acids and their esters on artiÞcial media at concentrations similar to those occurring in young sorghum plants. The results of these assays were also correlated with a reduction in the ability of P. maidis to locate and feed on the phloem tissues.
In the Þeld assay, the sampled planthopper populations averaged less than three adults per plant. In Hawaii, this is considered to be a relatively low density of planthoppers (Napompeth 1973) . However, the incidence of MMV in the Þeld was high, suggesting that planthoppers were actively moving among plants. The corn genotypes that are heterozygous for the Mv gene consistently harbored more planthoppers throughout the crop than the corn genotypes that are homozygous for the Mv gene. The greater abundance of planthoppers on the hybrids may be associated with plant vigor. Because these plants tend to be more vigorous than their parent lines, they may attract and support higher densities of developing planthoppers. Despite having a higher incidence of MMV, the GCB plants typically harbored fewer planthoppers than the other inbreds that were tested. We suggest the rapid decline in the number of planthoppers observed on the GCB plants is likely the result of severe symptoms of MMV infection, leading to a larger production of macropters, which dispersed to more suitable new hosts (Higashi and Bressan 2013) . Little difference in planthopper density was observed between inbreds of the same genotypes (Hi47 and Hi60; B73 and Mo17; Hi47 ϫ B73 and Hi60 ϫ Mo17). Interestingly, the incidence of MMV was greater on Mv recessive than on Mv dominant plants. Although speculative, we suggest that the Mv gene may inßuence the preference of P. maidis, which, in turn, may contribute to limiting MMV transmission. Parejarearn et al. (1984) found that N. lugens showed little preference toward rice ragged stunt virus (RSV)-resistant varieties. A Þeld study conducted by showed that Fijivirus incidence reßected resistance ratings, and highly susceptible sugarcane cultivars were pre- Fig. 4 . Proportion (ϮSE) of corn plants exhibiting symptoms of MMV for corn genotypes that were homozygous dominant (Hi47 and Hi60), homozygous recessive (B73 and Mo17), and heterozygous (Hi47 ϫ B73 and Hi60 ϫ Mo17) for the Mv gene, and on the susceptible sweet corn, GCB. Asterisks located above and between the columns indicate signiÞcant differences between the two means, "n.s." indicates no signiÞcant difference between the two means with a signiÞcance level of P Ͻ 0.05. The inbred line Hi47 and the hybrid Hi47 ϫ B73 had signiÞcantly (P Ͻ 0.05) less MMVinfected plants than the GCB plants. ferred over resistant ones by Þeld populations of P. saccharicida. Low colonization responses by insect vectors on resistant corn cultivars in the Þeld have also been reported (Dintinger et al. 2005, Singh and Seetharama 2008) . It has been suggested that the higher vector preference for susceptible varieties may be because of the expression of speciÞc stimulants that promote increased feeding activity in susceptible plants (Cook and Denno 1994, Dhileepan and .
In summary, our research suggests that the Mv gene does not affect the Þtness of P. maidis and does not inßuence the inoculation rates of MMV by the vector, although it does reduce MMV acquisition rates in diseased corn plants. The Þeld assay also suggests that the Mv gene may inßuence the preference of the vector in the Þeld. However, additional laboratory experiments are required to substantiate this observation.
